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(54) Memory expansion circuit 



(57) A memory device for storing and outputtlng in- 
formation includes a plurality of memory matrices, each 
memory matrix containing a plurality of transistors hav- 
ing a drain, a source, and a gate and the plurality of tran- 
sistors are arranged in a plurality of levels that proceed 
from a lowest to a highest level. A plurality of single bit 
shift registers is also provided for producing a serial out- 
put, each shift register having a memory input and an 
associated memory matrix, wherein the memory input 



of each shift register is electrically connected to the 
sources of the transistors in the highest level of the shift 
register's associated memory matrix. A plurality of ad- 
dress lines for receiving a decode signal function, a load 
signal, and a clock as well as an output line for transmit- 
ting the serial output of the plurality of shift registers is 
also provided. Embodiments of the invention may em- 
ploy any number of shift registers and memory matrices 
independent of the number of available address lines. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a memory de- 
vice, particularly but not exclusively for an ink jet print 
head identification circuit that employs shift registers for 
serially transmitting print head identification information 
to the ink jet printer electronics. More particularly, it re- 
lates to a print head Identification circuit which employs 
an array of transistors or other electronic switches to 
provide a matrix of programmable bits to each of a pre- 
determined nomber of shift registers. 

BACKGROUND OF THE INVENTION 

[0002] Inkjet type printers employ a printing head that 
consists of a series of nozzles, or orifices positioned in 
an orifice plate for expelling ink onto a printing surface. 
The ink can be expelled by a variety of means, including 
continuous, piezoelectric, and thermal/bubble jet. While 
several different ink jet technologies have evolved over 
the past two decades, the most popular ink jet technol- 
ogy today is the bubble jet where ink within a chamber 
is locally superheated to form an expanding bubble 
which propels a drop of ink through an orifice and onto 
the printing surface. Piezoelectric printers function in a 
similar manner inasmuch as ink is expelled through an 
orifice. However, instead of boiling the ink in a chamber, 
the ink Is essentially squeezed from the chamber as a 
result of deflections/expansions generated by a piezo- 
electric ceramic transducer. The ceramic transducer 
changes its physical dimensions when subjected to an 
electric field, thereby generating a pressure wave within 
the ink chamber and expelling an amount of Ink through 
the chamber orifice. Both piezoelectric and bubble-jet 
methodologies are considered "drop-on-demand" or 
"impulse" technologies, i.e., a drop of Ink is ejected from 
the print head only when desired. 
[0003] Each type of ink jet print technology requires 
its own unique type of print head, and print heads may 
further vary based on parameters such as whether the 
print head contains only black ink, or whether it is capa- 
ble of color printing. General ly, the different types of print 
heads are interchangeable, except that most printers 
are unable to accommodate both black ink and color due 
to physical differences between the print heads, i.e., 
print heads designed for color printing are typically larg- 
er to accommodate a variety of ink colors. Other print 
head parameters include architecture, resolution, 
number of inkjet nozzles, and spacing between the noz- 
zles. Because print heads are Interchangeable, the 
printer electronics must know what particular type of 
print head is installed, as well as information relating to 
the various print head parameters, so that algorithms 
within the printer control system can be reconfigured to 
provide appropriately formatted print commands to the 
print head electronics. 



[0004] Therefore, it is desirable to provide the printer 
electronics with information relating to the characteris- 
tics of the particular print head that is installed. This can 
be done by digitally encoding the identifying information 
s into the print head electronics and enabling the printer 
electronics to retrieve that information as it is needed. 
[0005] A number of attempts have been made in the 
prior art to provide print head identifying information to 
the printer electronics. U.S. Patent No. 4,872,027 to 
Buskirk et al. discloses providing extra electrical contact 
pads on the resistor network/array which fires the noz- 
zles of the print head. These contact pads are selective- 
ly electrically connected in the resistor network to fire 
the individual nozzles in one of several unique configu- 
rations, each of which defines a specific print head. The 
code provided by these unique configurations of the 
electrical pads is detectable by the printer so that the 
type of head installed is determinable. This is accom- 
plished by selectively connecting the individual electri- 
cal pads (or not connecting them) to the resistor circuits 
or circuit traces. By individually toggling the resistor 
lines at high or low voltage levels and detecting a voltage 
level shift on the lines associated with the extra contact 
pads, a connection (or lack thereof) may be detected. 
[0006] Other prior art approaches to providing print 
head identifying information to the printer disclose iden- 
tification circuitry disposed in the print head. U.S. Patent 
No. 4,930,91 5 to Kikuchi et al. discloses print head iden- 
tification means disposed in a print head. In one embod- 
iment, a 24-pin print bead is identified when the printer 
electronics read a "high" state value on a signal line in- 
terconnecting the printer electronics and identification 
means. A 9-pin print head is identified by a "low" state 
signal. In another embodiment of the Kikuchi invention, 
a parallel-serial converter produces a predetermined 
identification signal. 

[0007] U.S. Patent No. 5,363,134 to Barbehenn et al. 
discloses an integrated circuit for use in the print head 
of an ink jet printer. The integrated circuit includes an 
array circuit having a plurality of resistor cells arranged 
into rows and columns for heating an ink reservoir to 
produce a pattern of ink jets. A corresponding number 
of row and column lines are coupled to the array circuit 
for selecting and energizing the resistor cells according 
to the desired print pattern. An identification circuit is in- 
tegrated into the same substrate as the array circuit. The 
identification circuit is programmable by means of a plu- 
rality of programmable paths corresponding and cou- 
pled to each row line. These programmable paths each 
include a programmable fuse and an active device con- 
nected in series. The opposite ends of the programma- 
ble paths are coupled together at a common node, 
which in turn is coupled to an output circuit for providing 
a single serial output signal in response to a sequential 
polling of the row lines. 

[0008] The number of bits of identifying information 
that Barbehenn is capable of providing to the printer 
electronics is limited to the number of row lines availa- 
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ble. For example, If there are a total of seven row lines 
interconnecting the array circuit with the primer electron- 
ics, then Barbehenn's identification circuit will be limited 
to storing seven and only seven bits of Identifying Infor- 
mation because each of the programmable paths cor- s 
respond with and are coupled to a unique one of the row 
lines. To provide an identification circuit that contains 
greater than seven bits of identifying information, Bar- 
behenn would be required to increase the number of row 
lines, or address lines available. 
[0009] In addition to being limited by the number of 
available address lines, the amount of information that 
can be stored on a print head cartridge is also limited by 
cost and space considerations. Because most print 
head cartridges are disposable, it is very desirable to 
minimize their costs. Including large memory arrays on 
a print head chip increases the cost of fabricating the 
print head. Thus, while a large memory chip on the print 
head might be desirable from a memory standpoint, the 
additional cost of placing such a device on a disposable 
print head makes the solution economically undesira- 
ble. In addition, storing more information on the print 
head cartridge increases the space requirement for the 
memory circuit on the print head. As the size of the print 
head substrate increases, the cost and complexity cor- 
respondingly increase. 

[0010] Thus, there is a need for an efficient, inexpen- 
sive memory device such as for a print head identifica- 
tion circuit that uses a minimum number of components 
to store a maximum amount of information and prefer- 
ably is not limited by the number of address lines inter- 
connecting the existing print head electronics and print- 
er electronics. 

SUMMARY OF THE INVENTION 

[0011] The present invention discloses a memory de- 
vice for storing and outputting information as claimed in 
claim 1 . Preferably the gate of each one of the plurality 
of transistors is electrically connected to one of the plu- 
rality of address lines. The drains of the transistors of 
the lowest level are either electrically connected to a 
voltage potential representing a logic one or a voltage 
potential representing a logic zero. The sources of the 
transistors of the lowest level are electrically connected 
to the drains of the transistors of the next highest level. 
The transistors of a level that has a level immediately 
above the level and a level immediately below the level 
have their sources electrically connected to the drains 
of the transistors of the level Immediately above their 
level and their drains electrically connected to the sourc- 
es of the transistors of a level immediately below their 
level. In one embodiment the invention provides an 
identification device for an ink jet print head. The device 
has printer electronics for communicating with the ink 
jet print head. A shift register loads in a plurality of print 
head information bits in response to a load signal and 
serially outputs the plurality of print head information bits 



in response to an output signal. A plurality of memory 
matrices, each one electrically connected to a corre- 
sponding memory input of the shift register, stores print 
head information bits and provides the print head infor- 
mation bits to the corresponding memory input of the 
shift register in response to a decode signal function be- 
ing sent from the printer electronics. A plurality of ad- 
dress lines transmit the decode signal function from the 
printer electronics to the memory matrix and transmit the 
dock and load signals from the printer electronics to the 
shift register. 

[0012] In one application the invention improves the 
prior art by allowing the amount of information storable 
on a print head cartridge to be increased without in- 
creasing the number of address lines. In addition, by 
connecting a memory matrix to the memory inputs of the 
shift register, the number of information bits storable is 
dramatically increased while the number of transistors 
needed to construct the memory device increases only 
marginally. The decode signal function allows the printer 
electronics to send a series of predetermined digital 
words to the print head and receive another series of 
digital words describing the print head cartridge. Thus, 
the present invention provides an inexpensive device 
that allows a dramatic increase in the information a print 
head can store and provide to a printer without a corre- 
spondingly dramatic increase in the complexity of the 
print head electronics. 

[001 3] In a preferred embodiment of the present in- 
vention each memory matrix has a first level containing 
a plurality of transistors. Each transistor has a source, 
a drain and a gate. The gate of each transistor is elec- 
trically connected to a corresponding address line of the 
plurality of address tines. The source of each transistor 
is electrically connected to the memory Input of a shift 
register corresponding to the particular memory matrix. 
The drain is electrically connected to either a first volt- 
age potential representing a logic one or a second volt- 
age potential representing a logic zero. The transistors 
function as electronic switches with a first terminal, a 
second terminal, and a switch input. When a sufficiently 
high voltage is applied to the switch input, the electronic 
switch is closed and the first terminal is electrically con- 
nected to the second terminal. When no voltage is ap- 
plied to the switch input, the electronic switch is open 
and the first and second terminals are not electrically 
connected. While transistors are discussed in the ma- 
jority of the application, it is to be understood that any 
similarly functioning switch could be used. 
[0014] In another embodiment, the memory matrix 
has a first level containing a plurality of transistors each 
having a source, a drain and a gate. The gate of each 
transistor is electrically connected to a corresponding 
address line of a plurality of address lines. The source 
of each transistor is electrically connected to the drain 
of one of a second plurality of transistors. The drain is 
electrically connected to either a first voltage potential 
representing a logic one or a second voltage potential 
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representing a logic zero. A second level contains the 
second plurality of transistors each of which has a 
source, a drain and a gate wherein the gate of each of 
the second plurality of transistors is electrically connect- 
ed to a corresponding address line of the plurality of ad- 
dress lines, the source of each of the second plurality of 
transistors is electrically connected to a corresponding 
memory input of the shift register, and the drain of each 
one of the transistors of the second plurality of transis- 
tors is electrically connected to the sources of a group 
of transistors in the first plurality of transistors. The con- 
nections are such that when any two address lines that 
are connected to the gates of the transistors in either 
level contain a logic one, a single current path is com- 
pleted between the shift registers memory input and ei- 
ther the first or second voltage potential. 
[0015] In another embodiment of the present inven- 
tion, each memory matrix further comprises a plurality 
of transistors having a gate, a source, and a drain 
wherein the plurality of transistors are arranged in a 
number of levels consisting of a highest level, a lowest 
level and at least one intermediate level. The transistors 
of the levels are connected such that the transistors of 
the lowest level have their drains connected to either a 
first voltage potential representing a logic one or a sec- 
ond voltage potential representing a logic zero and their 
sources connected to the drains of a corresponding 
transistor on an intermediate level. In addition, the tran- 
sistors of the highest level have their sources connected 
to the memory input of the shift register and their drains 
connected to the sources of a corresponding group of 
transistors of an intermediate level. The transistors of 
the intermediate level have their sources electrically 
connected to the drain of a corresponding transistor of 
a higher level and their drains connected to the sources 
of a corresponding group of transistors of a lower level. 
[0016] In an especially preferred embodiment, the 
gates of the plurality, of transistors are connected to the 
address lines such that when a number of the address 
lines equal to the number of levels contain a voltage po- 
tential sufficient to open the gates of the transistors to 
which it is connected, a single current path is completed 
between the shift register memory input corresponding 
to the memory matrix and either a first or second voltage 
potential. In yet another embodiment, the memory ma- 
trix has a plurality of transistors arranged in a number 
of levels. The decode signal function comprises a plu- 
rality of digital words such that each word contains a cer- 
tain number of bits and a number of bits in the digital 
word equal to the number of levels must be active in 
order to select a bit of printer identification information 
from the memory matrix. 

[001 7] In an especially preferred embodiment, the de- 
code signal function comprises a series of digital words, 
each word having a number of bits equal to "D". Each 
memory matrix consists of a plurality of transistors di- 
vided into a number of levels "L". In this embodiment, 
the number of print head Information bits that can be 



stored in each of the plurality of memory matrices is giv- 
en by the equation: 

D! 

5 U(D-L)! 

[001 8] In addition, the number of transistors required 
to construct each memory matrix is given by the equa- 
tion: 

10 

D! D! . 

(L-I)!(D-L+ I)* U(D-L)! 

[0019] The information storing and providing system 

15 of the present Invention further includes a memory ma- 
trix for storing ink jet print head identification information 
and providing the identification information to the ink jet 
printer electronics. The memory matrix has a plurality of 
transistors that have a source, a drain, and a gate. The 

20 transistors are arranged in a plurality of levels. A plural- 
ity of print head address lines are connected to the gates 
of the transistors. A plurality of shift registers receive the 
print head identification information from the plurality of 
transistors in response to a decode signal function being 

25 received on the plurality of print head address lines. The 
shift registers serially transmit the print head information 
to the InkJet printer electronics. The drains of af irst level 
of transistors are electrically connected to either a logi- 
cal one or a logical zero. The sources of a last level of 

30 transistors are connected to the memory input of one of 
the plurality of shift registers. The gates of the transis- 
tors are attached to the print head address lines so as 
to minimize the number of transistors needed to con- 
struct a memory matrix capable of storing a given 

35 amount of print head Identification information. The print 
head has a temperature sense circuit with an output line. 
The print head identification information is serially trans- 
mitted to the printer electronics on the output line of the 
temperature sense circuit. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The preferred embodiments of the invention 
will now be described in further detail with reference to 
45 the drawings wherein like reference characters desig- 
nate like or similar elements throughout the several 
drawings as follows: 

FIG. 1 is a block diagram of the print head identifi- 
so cation system; 

FIG. 2 is a circuit diagram of a one bit dynamic shift 
register; 

FIG. 3 is a block diagram of a four bit, parallel in, 
serial out identification circuit; 
55 FIG. 4 Is a timing chart for the circuit of FIG. 3; 

FIG. 5 is a block diagram of a three bit parallel in, 
serial out identification circuit with memory matrix 
inputs; 
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FIG. 6 is a circuit diagram of a one level decode 
memory matrix; 

FIG. 7a is a circuit diagram of a two level decode 
memory matrix; 

FIG. 7b illustrates a transistor used in FIG. 7a; and 
FIG. 8 is a circuit diagram of a three level decode 
memory matrix. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] In accordance with a preferred embodiment of 
the present invention, there is shown in FIG. 1 a block 
diagram of an ink jet print head identification system 20 
including ink jet printer electronics 22 and ink jet print 
head electronics 24. Typically, bubble jet print heads in- 
corporate a resistor array, or print head array 30 for se- 
lectively boiling and expelling ink through orifices in an 
orifice plate (not shown) on the print head. Resistors 
within the array 30 are selectively energized through ap- 
propriate signals received from the primer electronics 
22 on address lines 29. Within the printer electronics 22 
a microprocessor controller 26, which is typically an 
ASIC controller providing TTL level outputs, sends print 
data commands to a head drive circuit 28. In a preferred 
embodiment, the drive circuit 28 is a TEXAS INSTRU- 
MENTS 75373 : 100 milliamp, push-pull driver. 
[0022] Drive circuit 28 converts print data commands 
received from the controller 26 into appropriately format- 
ted analog pulses which are demultiplexed and sequen- 
tially provided to the print head electronics 24 via ad- 
dress lines 29. These analog pulses possess sufficient 
intensity to heat the resistors within the print head array 
30 so that ink within the print head boils to form a bubble, 
thereby expelling ink through an orifice. The number of 
address lines 29 available will vary depending on the 
particular printer that is used. 

[0023] Because different styles and types of ink jet 
print heads requiring differently formatted analog pulses 
are interchangeable in ink jet printers, it is important for 
the printer electronics 22 to possess information relating 
to the print head that is installed in the printer. Print head 
parametric information is useful to the printer electronics 
22 because it allows the printer electronics 22 to recon- 
figure print control algorithms to produce analog pulses 
that are appropriate for the specific print head installed. 
The present invention provides print head identifying in- 
formation to the printer electronics 22 by encoding the 
information digitally in an identification (ID) circuit 32 
that is integrated into the print head electronics 24 dur- 
ing fabrication. 

[0024] Typically, print head electronics 24 are fabri- 
cated as a single integrated chip. In addition to the print 
head resistor array 30 and corresponding address line 
connections 29, the chip will normally incorporate a tem- 
perature sense circuit 34. The temperature sense circuit 
34 is typically a metal resistor that senses the tempera- 
ture of the prim head during printing. The sensed tem- 
perature is provided as an analog signal to the primer 



controller 26 on output line 35, enabling the printer con- 
troller 26 to monitor the print head for overheat condi- 
tions. 

[0025] To reduce I/O requirements, the ID circuit 32 
5 of the present invention uses some, but not all, of the 
existing address lines 29 for receiving inputs from the 
printer electronics 22 and it uses the existing tempera- 
ture sense output 35 to serially transmit the encoded 
print head identifying information to the printer electron- 
ic ics 22. A maximum of three address lines are used by 
the ID circuit 32 to receive inputs, and the number of 
encoded bits of information within the ID circuit 32 is in- 
dependent of the number of address lines 29 used. 
There is minimal or no interference with the temperature 
15 sense output 35 during normal operation because the 
printer electronics 22 will read temperature sense only 
when the printer is idle. 

[0026] In a preferred embodiment, print head identi- 
fying information is digitally encoded into the ID circuit 
32 by means of one or more programmed, one bit dy- 
namic shift registers 50 such as the one shown in FIG. 
2. The shift register 50 is, for example, mask pro- 
grammed during fabrication by either connecting the 
source of load transistor 52 to ground 51 to produce a 
logic "0" when the gate of load transistor 52 is made ac- 
tive by a load signal 70 received on one of the address 
lines 29, or by connecting the source of load transistor 
52 to a voltage source 53 to produce a logic "1" when 
the gate of load transistor 52 is active. When the gate 
of load transistor 52 becomes active by load signal 70, 
the programmed logic, or voltage level is passed to the 
gate of input transistor 54. After transistor 52 turns off, 
the passed voltage level will remain stored in the para- 
sitic gate capacitance of input transistor 54. Because the 
voltage at the gate of input transistor 54 will eventually 
discharge due to leakage currents, the voltage is con- 
sidered dynamically stored on the gate. 
[0027] With the input 78 loaded with the programmed 
voltage level, it can now be shifted to the output 76. This 
is accomplished by sequential clock signals transmitted 
by the printer electronics 22 and received by the shift 
register 50. A dock 1 input is received on line 72 and a 
clock 2 input is received on line 74, where each clock 
input 72, 74 is received from the printer electronics 22 
via a separate address line 29. A voltage pulse on the 
clock 1 input 72 passes the logical inverse from the gate 
of input transistor 54 to the gate of output transistor 60. 
When the clock 1 input 72 is acxive, load transistor 56 
turns on as does pass transistor 58. If the input 78 of the 
shift register 50 is a logic "1 input transistor 54 will turn 
on and the gate of output transistor 60 will discharge. If 
the Input 78 of the shift register 50 is a logic "0", input 
transistor 54 will remain off and the gate of output tran- 
sistor 60 will be discharged through load transistor 56 
and pass transistor 58. When the voltage pulse on the 
clock 1 input 72 goes inactive, pass transistor 58 turns 
off and the voltage level (i.e., the logic inverse of the 
voltage level that was parasltically stored on the gate of 
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input transistor 54) will be dynamically stored on the 
gate of output transistor 60. 

[0028] A voltage pulse on the clock 2 input 74 passes 
the logic inverse from the gate of output transistor 60 to 
the output 76 of the shift register. When the clock 2 pulse 
is active, load transistor 62 turns on as does pass tran- 
sistor 64. The logic inverse of the gate voltage on output 
transistor 60 passes to the output 76 of the shift register. 
Therefore, after successive pulses on the clock 1 and 2 
inputs 72, 74, the logic level on input 78 is passed to the 
output 76 as a single bit. 

[0029] It should be noted that, because the load tran- 
sistors 52, 56, 62 are off at all times except during clock 
pulses, the register 50 of FIG. 2 consumes little power. 
[0030] In a preferred embodiment, several shift regis- 
ters 50 are connected in series to provide a digital code, 
such as the four bit example shown in FIG. 3. A voltage 
pulse on load signal 70 initiates a parallel load of the 
encoded logic level, or bit encoded within each of the 
four shift registers 50A-D. As previously discussed, this 
results in the programmed logic level being dynamically 
stored at the input 78 (FIG. 2) of each shift register 
50A-D. A pulse on the clock 1 input 72 followed by a 
pulse on the clock 2 input 74 shifts the logic level from 
each register input 78 to each register output 76 so that 
each register output 76 is dynamically stored on the in- 
put 78 of the next register. 

[0031] With each clock 1 and clock 2 sequence of 
pulses, each programmed bit is successively and seri- 
ally shifted to an output device 80 and read by the con- 
troller 26 until ail bits have been read by the controller 
26. The controller 26 is programmed to interpret the 
code and determine the print head identifying informa- 
tion and reconfigure print control algorithms accordingly. 
In this manner, a single Inkjet printer is able to accom- 
modate many different type of print heads. 
[0032] As shown in FIG. 3, the output device 80 pref- 
erably includes an open drain output transistor 84 and 
a discharge transistor 82. The voltage level at the drain 
of output transistor 84 is pulled up on line 86 through a 
load device (not shown) within the printer electronics 22 
(FIG. 1) so that the printer controller 26 reads a pro- 
grammed logic level after each clock 2 pulse. For exam- 
ple, when a clock 2 pulse causes a programmed logic 
level " 1 B to be transmitted to the gate of output transistor 
84, output transistor 84 will become active and the drain 
will be pulled down. The controller 26 detects the low- 
ered voltage level at the drain by reading the voltage 
level at line 86 and thereby senses that a logic level "1 " 
has been transmitted by the ID circuit 32. Similarly, with 
each successive dock 2 pulse the programmed logic 
levels of the shift registers 50A-D are sequentially shift- 
ed and serially transmitted to output transistor 84 to be 
read by the controller 26. FIG. 4 is a timing chart for se- 
rial transmission of four bits of encoded information by 
the ID circuit 32 of FIG. 3. 

[0033] With continued reference to FIG. 3, the open 
drain output 86 preferably utilizes an existing chip I/O 



line to serially transmit the encoded identifying informa- 
tion to the printer controller26, such as the temperature 
sense output 35. Utilization of the existing temperature 
sense output 35, along with the fact that the encoded 
5 information is serially transmitted, eiiminates the need 
for additional chip output lines. After all bits of the en- 
coded information have been read, a pulse on the load 
signal line 70 activates discharge transistor 82 to dis- 
charge the gate of output transistor 84, thereby enabling 
valid temperature sense information to be transmitted 
to the controller 26 immediately after the gate of output 
transistor 84 has been discharged. To prevent possible 
interference with normal operation of the temperature 
sense circuit 34, a pulse is output by the controller 26 
on the load signal line 70 prior to each read of the tem- 
perature sense circuit 34. This ensures that the gate of 
output transistor 84 remains discharged during temper- 
ature control operations. 

[0034] The controller 26 reads the serial digital output 
on line 86 and determines print head identifying infor- 
mation by comparing the received bit pattern against 
stored correlations of print head information. With the 
print head properly identified by the printer controller 26, 
the controller 26 is now able to reconfigure its control 
system algorithms to accommodate printing with the in- 
stalled print head. 

[0035] It will be understood that any number of shift 
registers 50 may be employed in the present invention 
without increasing the required number of address lines 
29. Therefore, there is disclosed an ink jet print head 
identification circuit 32 for serially transmitting to the 
printer controller 26 a digital code containing print head 
identifying information where the number of bits com- 
prising the digital code is independent of the total 
number of address lines 29 available. 
[0036] Referring now to FIG. 5, a print head identifi- 
cation circuit is shown that has decode memory matri- 
ces 88 electrically connected to the memory inputs 90 
of one bit shift registers 92. The memory matrices 88 
receive a decode signal function as an input. The de- 
code signal function sent to the decode inputs 94 of the 
memory matrices 88 preferably consists of a series of 
predetermined digital words. These digital words 
prompt the memory matrices 88 to each output one bit 
of information. The bit of information is sent to the mem- 
ory inputs 90 of the one bit serial registers 92. When the 
one bit shift registers 92 receive a control signal 96 from 
the printer electronics, the bit of information provided by 
the memory matrices 88 is loaded into the correspond- 
ing one bit shift register 92. The one bit shift registers 
92 then serially transmit the information bits on an output 
line 98 to the printer electronics. The printer electronics 
then send the next word of the decode signal function 
to the memory matrices 88. Another set of information 
bits is sent to the printer electronics by the print head 
identification circuit in response to receiving the second 
word of the decode signal function at the decode inputs 
94 of the memory matrices 88. The process is repeated 
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until alt the print head identification information is re- 
ceived by the printer electronics. 
[0037] It should be appreciated that one three bit shift 
register could be used in place of the three one bit shift 
registers 92 depicted in FIG. 5. However, as previously 
stated, space on a print head cartridge is limited and, 
thus, the smaller the components used the better. Addi- 
tionally, as also stated above, most print head cartridges 
are designed to be disposable. Therefore, it is particu- 
larly desirable that the print head identification circuit 
shown in FIG. 5 be constructed as inexpensively as pos- 
sible. 

[0038] FIG. 6 is a circuit diagram of a one level decode 
memory matrix of the present invention. The one level 
decode memory matrix shown in FIG. 6 stores five bits 
of information. These bits of information are stored by 
connecting the drains 98 of five transistors 100, 102, 
104, 106 and 108 to either Vdd 53, a voltage potential 
representing a logic "1", or Gnd 51 , a voltage potential 
representing a logic "0". The one level decode memory 
matrix receives the decode signal on five print head ad- 
dress lines 1 1 0, 1 1 2, 1 1 4, 1 1 6, and 1 1 8. For the one level 
decode memory matrix shown in FIG. 6, the decode sig- 
nal function will consist of a series of five digital words 
with five digits contained in each word. The print head 
information output from this one memory matrix will be 
five information bits, one in response to each word of 
the decode signal function. 

[0039] The decode signal function for a one level 
memory matrix should only have one active, or logical 
one, bit per word. For example, the first word could be 
"1 0000". Thus, the print head address line connected to 
the gate 120 of transistor 1 00 would contain a one and 
the print head address lines connected to the gates 1 20 
of transistors 102, 104, 106 and 108 would contain a 
logic zero. Applying a logic one to the gate 120 of tran- 
sistor 100 causes the voltage at its drain 98 to pass to 
its source 48. Thus, if the drain 98 of transistor 100 is 
connected to a logical one, a logical one will be passed 
to the source 122 of transistor 100 and to the shift reg- 
ister memory input 124. Similarly, sending the digital 
word "01000" on address lines 110, 112, 114, 116 and 
1 1 8 respectively would result in the voltage on the drain 
98 of transistor 1 02 being passed to the source of tran- 
sistor 102 and the shift register memory input 124. By 
sending a series of digital words containing a single log- 
ical one, the printer electronics can read all five bits con- 
tained in the single level memory matrix shown in FIG. 6. 
[0040] The digital words of the decode signal function 
for a single level should only contain one logical one. If 
the digital word "11000" was sent to the single level 
memory matrix shown in FIG. 6 on address lines 110. 
112, 114, 116 and 1 1 8 respectively, the voltage from the 
drains 98 of both transistors 100 and 102 would be 
passed to their sources 122 and the shift register mem- 
ory input 124. If the voltage on the drains 98 of the tran- 
sistors 100 and 102 was different, the output received 
at the shift register memory Input 124 would be uncer- 



tain. In fact, if precautions were not taken, a short circuit 
could result that might damage the memory matrix. 
[0041] The discussion of FIG. 6 was focused on the 
use of transistors. However, it should be understood that 
s transistors electrically connected in the manner contem- 
plated in the present invention function as simple elec- 
tronic switches. As previously discussed, the source 
and drain of a transistor are connected by a low resist- 
ance current path when a sufficiently high voltage is ap- 
plied to the gate. While the term transistor is used 
throughout the application, there are many different 
types of electronic switches that could be used to con- 
struct the present invention. For example, field effect 
transistors, metal-oxide semiconductor field effect tran- 
sistors, junction field-effect transistors, bipolar-junction 
transistors, and any other device that functions as an 
electronic switch could be used in place of the generic 
transistors discussed. 

[0042] FIG. 7a shows a two level memory matrix that 
uses five address lines to decode the memory. For sim- 
plicity's sake, a connection to one of the five address 
lines 110, 112, 114, 116, and 118 is denoted by placing 
the number of the address line 1 1 0, 1 1 2, 1 1 4, 1 1 6 or 1 1 8 
in the box representing the transistor as shown in FIG. 
7b. The first level 128 of the two level memory matrix 
consists of ten transistors with their drains 98 connected 
to Vdd 53 or Gnd 51 depending upon the particular in- 
formation to be encoded. The gates 120 of transistors 
132, 134, 136, 138 are connected to address lines 112, 
114,116 and 1 1 8 respectively. The sources 1 22 of tran- 
sistors 132, 134, 136, and 138 are electrically connected 
to the drain 98 of transistor 140. Transistor 140 has its 
gate electrically connected to address line 110. The 
source 122 of transistor 140 is electrically connected to 
the shift register memory input 124. Therefore, to pass 
the voltage on the drain 98 of one of the transistors 132, 
134, 136, and 138 to the shift register memory input 124, 
a logic one must be sent to the gate 120 of transistor 
140 on address line 110 and a logic one must be sent 
to the gate 1 20 of either transistor 1 32, 1 34, 1 36, or 1 38 
on address line in, 114, 116, or 11 B respectively. For ex- 
ample, if the digital word "1 1 000° is sent on address lines 
110, 112. 114, 116 and 118 respectively, the gates of 
transistors 132 and 140 will be opened. Thus, the volt- 
age on the drain 98 of transistor 132 will be passed to 
the source 1 22 of transistor 1 32 and the drain 98 of tran- 
sistor 140. Because the gate 120 of transistor 140 is 
open, the voltage on the drain 98 of transistor 140 will 
be passed to the source 122 of transistor 140 and the 
shift register memory Input 124. Thus, the information 
bit encoded on the drain 98 of transistor 1 40 will be sent 
to the shift register memory input 1 24 in response to the 
printer electronics sending the digital word "11000" on 
address lines 110, 112, 114, 116 and 118 respectively. 
In a similar manner to that described above, sending the 
digital word "10100" will cause the information bit en- 
coded on the drain of transistor 1 34 to be sent the shift 
register memory input 124. Thus, by sending a decode 
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signal function consisting of the digital words "11000", 
"10100", "10010" and "10001", the print electronics can 
select the information bits encoded on transistors 132, 
134, 136 and 138. 

[0043] The same process would be repeated for tran- 
sistors 142, 144 and 146. The drains 98 of the transis- 
tors 142, 144 and 146 are electrically connected to a 
voltage potential representing a logic one or a logic zero. 
The sources of the transistors 142, 144 and 146 are con- 
nected to the drain 98 of transistor 148. The gates 120 
of transistors 1 42, 1 44 and 1 46 are electrically connect- 
ed to address lines 114, 116, and 118. The gate 120 of 
transistor 148 is connected to address line 112. If the 
digital word "1 1 000" is transmitted on address lines 1 1 0 : 
112,114,116 and 1 1 8 : the gate of transistor 1 48 will be 
opened. However, the gates 120 of hors 142, 144 and 
146 would be dosed and as a result no current path to 
the drain 98 of transistor 148 would be created through 
transistors 142, 144 and 146. Thus, the voltage on the 
source 1 22 of transistor 1 48 would come from some oth- 
er source, namely, through transistors 132 and 140 as 
described in more detail above. If the digital word 
"011 00" is sent by the printer electronics to the two level 
memory matrix shown in FIG. 7a on address lines 110, 
112, 114, 116 and 118, the gates 120 of transistors 142 
and 1 48 will be open. Thus, the voltage potential on the 
drain 98 of transistor 142 will pass to the drain 98 of 
transistor 148 and the voltage on the drain 98 of tran- 
sistor 148 will pass to the shift register memory input 
1 24. Likewise, sending digital word "01010" would send 
the information bit encoded on the drain 98 of transistor 
144 and "01001" would send the information bit from 
transistor 146. 

[0044] Electrical connections similar to those de- 
scribed above are used to connect transistors 150, 152 
and 1 54. Sending the digital word "001 1 0" will open the 
gates 120 of transistors 150 and 154 and load the infor- 
mation bit encoded on the drain 98 of transistor 1 50. The 
digital word "00101" will load the bit from transistor 152. 
Finally, transistors 156 and 158 are electrically connect- 
ed so that the word "00011" will load the information bit 
from the drain of transistor 1 56. 
[0045] The decode signal function needed to decode 
a two level memory matrix with five address lines as de- 
code inputs built in accordance with the present inven- 
tion would consist of ail the possible different arrange- 
ments of two logical ones in a five bit digital word, i.e. 
"11000", "10100", "10010", "10001", "01100", 01010 : 
"01001", "00110", "00101" and "00011". Thus, five ad- 
dress lines and fourteen transistors can encode ten bits 
of data in accordance with the present invention. 
[0046] A three level memory matrix with five address 
lines built in accordance with the present invention 
would encode information bits that would be sent to shift 
register memory input 124 In response to all combina- 
tions of three logical ones in a five bit digital word, i.e. 
"11100", "11010", "11001", "10110", "10101", "10011 
"01 110", "01 101 ","01 011", and "00111". The three level 



matrix would store ten bits of information. This is the 
same amount as the two level matrix with five address 
lines discussed above. However, a three level decode 
memory matrix using five address lines would require 
5 nineteen transistors to implement, five more than a two 
level five address line memory matrix. FIG. 8 shows a 
three level decode memory matrix using five address 
lines 110, 112, 114, 116 and 118. As in FIG. 7a, a box 
with a number in it represents a transistor with the ad- 
dress line represented by the number electrically con- 
nected to its gate 120, as show in FIG. 7b. In a manner 
similar to that previously discussed for a one level de- 
code matrix and a two level decode matrix, sending 
"1 1 1 00" on address lines 1 1 0, 1 1 2, 1 1 4, 1 1 6 and 1 1 8 re- 
spectively will cause the voltage potential on the drain 
98 of transistor 160 to pass to the shift register memory 
input 124. Also similar to above discussed matrices, 
sending a digital word with more active bits than the lev- 
els of decode, such as "1 1 1 1 0" for the three level decode 
matrix of FIG. 8. may cause a short circuit or uncertain 
output. In FIG. 8, "11110" would create a current path 
from the shift register memory input 124 to the voitage 
potentials 51 and 53 through transistors 160, 162 and 
164, transistors 166, 162 and 164, and transistors 170, 
1 68 and 1 64. Thus, the memory matrix is preferably con- 
structed so that it never receives a word with too many 
active bits, or at least is not damaged by receiving a 
word with too many active bits. 
[0047] As previously discussed, the number of bits ca- 
pable of being stored by a particularly preferred embod- 
iment of the present invention is given by the equation: 

Pi 
LI(D-L)! 

Where D represents the number of lines available for 
addressing the memory matrix and L represents the 
number of levels in the memory matrix. Since D will usu- 
ally be a known value for a given application such as a 
print head identification circuit and the number of bits of 
memory required is also usually known the minimum 
number of levels needed can usually be calculated. In 
addition, the number of transistors need to construct a 
preferred embodiment of the present invention can be 
calculated by the equation: 

Dl D! 
(L-I)!(D-L + I)* U(D-L)! 

[0048] Where D still represents the number of ad- 
dress lines and L represents the number of levels. If sev- 
eral levels will provide enough data bits for a given ap- 
plication, the above equation can be used to calculate 
the number of transistors required for each of the pos- 
sible levels. By selecting the number of levels that pro- 
vides the needed amount of memory and requires the 
smallest number of transistors to construct, the number 
of transistors needed can be minimized and the memory 



15 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP 1 288 956 A2 



16 



bit to transistor ratio can be maximized. 
[0049] It is contemplated, and will be apparent to 
those skilled in the art from the foregoing specification 
and drawings that modifications and/or changes may be 
made in the embodiments of the invention. Accordingly, 
it is expressly intended that the foregoing are illustrative 
of preferred embodiments only, not limiting thereto, and 
that the true spirit and scope of the present invention be 
determined by reference to the appended claims. 
[0050] This application Is divided from European Pat- 
ent Application No. 99906895.0. 



Claims 

1. A memory device for storing and outputting infor- 
mation comprising: 

a plurality of memory matrices, each memory 
matrix containing a plurality of transistors hav- 
ing a drain, a source, and a gate and the plu- 
rality of transitions are arranged in a plurality of 
levels that proceed from a lowest level to a high- 
est level; 

a plurality of single bit shift registers for produc- 
ing a serial output, each shift register having a 
memory input and an associated memory ma- 
trix, wherein the memory input of each shift reg- 
ister is electrically connected to the sources of 
the transistors in the highest level of the shift 
register's associated memory matrix; 
a plurality of address lines for receiving a de- 
code signal function, a load signal, and a clock 
signal; and 

an output line for transmitting the serial output 
of the plurality of shift registers. 

2. The device of claim 1 wherein the gate of each one 
of the plurality of transistors is connected to one of 
the plurality of address lines. 

3. The device of claim 1 wherein the drains of the tran- 
sistors of the lowest level are either connected to a 
voltage potential representing a logic one or a volt- 
age potential representing a logic zero and the 
sources of the transistors of the lowest level are 
connected to the drains of the transistors of the next 
highest level. 

4. The device of claim 1 wherein the transistors of a 
level having a level immediately above the level and 
a level immediately below the level have their sourc- 
es connected to the drains of the transistors of the 
level immediately above their level and their drains 
connected to the sources of the level immediately 
below their level. 

5. The device of claim 1 wherein each memory matrix 



comprises: 

a first level containing a plurality of transistors 
each having a source, a drain and a gate 

5 wherein the gate of each transistor is electrical- 

ly connected to a corresponding address line of 
the plurality of address lines, the source of each 
transistor is electrically connected to the mem- 
ory input of the shift register corresponding to 

10 the particular memory matrix, and the drain is 

electrically connected to either a first voltage 
potential representing a logic one or a second 
voltage potential representing a logic zero. 

15 6. The device of claim 1 wherein the memory matrix 
further comprises: 

a first level containing a plurality of transistors 
each having a source, a drain and a gate 
20 wherein the gate of each transistor is electrical- 

ly connected to a corresponding address line of 
the plurality of address lines, the source of each 
transistor is electrically connected to the drain 
of one of a second plurality of transistors, and 
25 the drain is electrically connected to either a 

first voltage potential representing a logic one 
or a second voltage potential representing a 
logic zero; and 

a second level containing the second plurality 
30 of transistors each having a source, a drain and 

a gate wherein the gate of each of the second 
plurality of transistors is electrically connected 
to a corresponding address line of the plurality 
of address lines, the source of each of the sec- 
35 ond plurality of transistors is electrically con- 

nected to a corresponding memory input of the 
shift register, and the drain of each one the tran- 
sistors of the second plurality of transistors is 
electronically connected to the sources of a 
40 group of transistors in the first plurality of tran- 

sistors such that when any two address lines 
that are connected to the gates of the transis- 
tors in either level contain a logic one, a single 
current path is completed between the shift reg- 
45 ister's memory input and either the first or sec- 

ond voltage potential. 

7. The device of claim 1 wherein in each memory ma- 
trix said plurality of transistors are arranged in a 

so number of levels consisting of a highest level, a low- 
est level and at least one intermediate level such 
that the transistors of the lowest level have their 
drains connected to either a first voltage potential 
representing a logic one or a second voltage poten- 

55 tial representing a logic zero and their sources con- 
nected to the drains of a corresponding transistor 
on an intermediate level, the transistors of the high- 
est level have their sources connected to the mem- 
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ory input of the shift register and their drains con- 
nected to the sources of a corresponding group of 
transistors of an intermediate level, and the transis- 
tors of the intermediate level have their sources 
electrically connected to the drain of a correspond- 
ing transistor of a higher level and their drains con- 
nected to the sources of a corresponding group of 
transistors of a lower level. 

8. The device of claim 5 P 6 or 7 where the gates of the 
plurality of transistors are connected to the address 
lines such that when a number of the address lines 
equal to the number of levels contains a voltage po- 
tential sufficient to open the gate of the transistors 
to which it is connected, a single current path is 
completed between the memory input correspond- 
ing to the memory matrix and either the first or sec- 
ond voltage potential. 

9. The device of claim 1 wherein the decode signal 
function comprises a plurality of digital words such 
that each word contains a certain number of bits and 
a number of bits in the digital word equal to the 
number of levels must be active in order to select a 
bit of printer identification information from the 
memory matrix. 

10. The device of claim 1 wherein the decode signal 
function consists of a series of digital words. 

11. The device of claim 10 wherein the number of active 
bits in each word of the series of digital words is 
equal to the number of levels. 

12. The device of claim 10 wherein each word has a 
number of bits equal to "D" and wherein M L" is the 
number of levels, and the number of bits that can 
be stored in each of the plurality of memory matrices 
is given by the equation: 

D! 

L!(D-L) ! 

13. The device of claim 10 wherein each word has a 
number of bits equal to "D n and "L" is the number of 
levels, and the number of transistors required to 
construct each memory matrix Is given by the equa- 
tion: 

D! Dl 
(L-1)!(D-L+1) + L! (D-L)! 

14. A memory matrix for storing ink jet print head iden- 
tification information and providing the identification 
information to inkjet printer electronics, the memory 
matrix comprising: 

a plurality of transistors having a source, a 



drain, and a gate arranged in a plurality of lev- 
els; 

a plurality of print head address lines connected 
a plurality of transistors having a source, a 
5 drain, and a gate arranged in a plurality of lev- 

els; 

a plurality of print head address lines connected 
to the gates of the transistors; and 
a plurality of shift registers for receiving the print 
10 head Identification from the plurality of transis- 

tors in response to a decode signal function be- 
ing received on the plurality of print head ad- 
dress lines and serially transmitting the print 
head information to the ink jet printer electron- 
's ics, 

15. The memory matrix of claim 14 wherein the drains 
of a first level of transistors are electronically con- 
nected to either a logical one or a logical zero. 

20 

16. The memory matrix of claim 14 or 15 wherein the 
sources of a last level of transistors are connected 
to the memory input of one of the plurality of shift 
registers. 

25 

17. The memory matrix of claims 14, 15 or 16 wherein 
the gates of he transistors are attached to the print 
head address lines so as to minimize the number 
of transistors needed to construct a memory matrix 

30 capable of storing a given amount of print head 
identification information. 

1 8. The memory matrix of claim 1 4 , 1 5, 1 6 or 1 7 wherein 
the print head has a temperature sense circuit with 

35 an output line and the print head identification Infor- 
mation is serially transmitted to the printer electron- 
ics on the output line of the temperature sense cir- 
cuit. 
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(54) Memory expansion circuit 



(57) A memory device for storing and outputting in- 
formation includes a plurality of memory matrices, each 
memory matrix containing a plurality of transistors hav- 
ing a drain, a source, and a gate and the plurality of tran- 
sistors are arranged In a plurality of levels that proceed 
from a lowest to a highest level. A plurality of single bit 
shift registers is also provided for producing a serial out- 
put, each shift register having a memory input and an 
associated memory matrix, wherein the memory input 



of each shift register is electrically connected to the 
sources of the transistors in the highest level of the shift 
register's associated memory matrix. A plurality of ad- 
dress lines for receiving a decode signal function, a load 
signal, and a clock as well as an output line for transmit- 
ting the serial output of the plurality of shift registers is 
also provided. Embodiments of the Invention may em- 
ploy any number of shift registers and memory matrices 
independent of the number of available address lines. 
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